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Nitrous Oxide
Class: General Anesthetic

Risk Factor: C

FETAL RISK SUMMARY
RECOMMENDATION: Human and Animal Data Suggest Risk
Nitrous oxide (N2O; Laughing Gas) is a nonflammable, nonexplosive gas that is widely used as an
analgesic and general anesthetic. It is always administered with at least 20% oxygen
P.1161
to prevent hypoxia. The blood-gas coefficient is relatively low (0.47) as is tissue solubility (brain-gas
coefficient 0.50) (1).
Animal Studies
In a 1967 study, pregnant rats were exposed to 45%–50% nitrous oxide for 2, 4, or 6 days starting on
gestational day 8 (2). Compared to nonexposed controls, there was a dose-related increase in
embryonic death and resorptions, growth retardation, and skeletal malformations (vertebrae and
ribs), and the male–female sex ratio of surviving fetuses was lower (2). Resorptions and fetal deaths
were significantly increased in rats exposed to nitrous oxide (0.1% or 1.5%) mixed with oxygen for 8 or
24 hours per day for several days during midgestation (3). A lower concentration (0.01%) had no effect
on the incidence of resorptions but did increase the number of fetal deaths.
A 1978 study did not observe teratogenic effects, changes in surviving fetal sex ratio, or increased
fetal loss in pregnant rats exposed 8 hours per day throughout gestation to nitrous oxide (1%, 10%, or
50%) or nitrous oxide (10%) plus halothane (0.16%) (4). However, fetal growth retardation was
observed in all four groups exposed to nitrous oxide. Exposure of pregnant rats to 50% nitrous oxide
for 25 minutes per day for 3 consecutive days in mid-gestation resulted in an increase in fetal death
rate, but no effects on fetal growth were observed (5). In another study, pregnant rats were exposed
to nitrous oxide either alone (0.005% or 0.05%) or a mixture of nitrous oxide (0.05%) and halothane
(0.001%) for 7 hours per day during the first 15 days of gestation (6,7). No adverse embryo or fetal
effects were observed.
Continuous exposure of gravid rats to nitrous oxide (0.5%) from gestational day 1 to day 19 resulted in
a significant increase in the incidence of resorptions, growth retardation, and skeletal anomalies, and
a lower male-female sex ratio of surviving fetuses (8). In a follow-up to this study, the threshold dose
required to produce some of these effects was determined using exposures of 0.0, 0.1%, 0.05%, and
0.025% (9). Only the group exposed to 0.1% had an increased incidence of resorptions and growth
retardation. The same group of investigators reported a third study in which gravid rats were
intermittently exposed (6 hours per day, 5 days per week) to nitrous oxide 0.0, 0.025%, 0.05%, 0.1%,
and 0.5% throughout gestation (10). A significant reduction in litter size was noted only in the highest
exposure group, but no signs of fetal resorption or skeletal malformations were found in any group.
Pregnant hamsters were exposed to nitrous oxide (70%–95%) mixed with oxygen for 24 hours during

organogenesis (11). An increased incidence of fetal death was only observed at concentrations of 90%–
95%, but hypoxia-induced mortality could not be excluded. A small but significant number of fetuses
had malformations (cleft palate, limb defects, gut herniation, and fetal edema), but a dose-effect
relationship was not observed (11). The effects on pregnant hamsters from exposure to a combination
of nitrous oxide (60%) and halothane (0.6%) for 3 hours per day on gestational days 9, 10, or 11 was
reported in 1974 (12). No effects were noted on the sex ratio of surviving fetuses. Compared to
controls, resorptions were increased on day 11, and decreased fetal weight was noted in the groups
exposed on days 10 and 11 (12).
In a 1980 study, pregnant rats were exposed to nitrous oxide (70%–75%) or xenon (70%–75%) for 24
hours on gestational day 9 (13). Compared to controls and the xenon-exposed group, the nitrous oxide
group had a significant increase in the incidence of resorptions and congenital malformations (delayed
maturation of the skeletal system, fused ribs, encephalocele, hydrocephalus, anophthalmia,
microphthalmia, gastroschisis, and gonadal agenesis) (13). The above experiment was repeated by
another group with four different
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concentrations of nitrous oxide: 0.75%, 7.5%, 25%, and 75% (14). The threshold for toxicity was
determined to be greater than 25% because only those animals exposed to the 75% concentration had
increased incidences of resorptions and both major and minor congenital malformations. However, all
exposures caused a significant increase in minor variants involving the ribs and sternum (14).
In another study by the above investigators, the effect of nitrous oxide in pregnant rats was compared
to three other general anesthetic agents (see also Enflurane, Halothane, and Isoflurane) (15). The
nitrous oxide dose was 75% (0.55 MAC). (Note: the minimum alveolar anesthetic concentration [MAC]
is the concentration that causes immobility in 50% of patients exposed to a noxious stimulus such as
a surgical incision; it represents the ED50 [16].) Each agent was administered for 6 hours on each of
three consecutive days in one of three periods: gestational days 8–10, 11–13, or 14–16. Compared with
controls, significantly decreased maternal weight gain was observed in three of the groups (nitrous
oxide, isoflurane, and enflurane) after exposure on days 14–16. Exposure on those days resulted in
significantly decreased fetal weight in all four groups, and when exposure occurred on days 8–10, in
three groups (all except nitrous oxide). Nitrous oxide exposure during days 14–16 resulted in
significant increases in total fetal wastage and resorptions (3-fold increases). However, no major or
minor congenital defects were observed in any of the groups (15).
No evidence of reproductive toxicity was observed in mice exposed to nitrous oxide (0.5%, 5%, or 50%)
for 4 hours per day on days 6–15 of gestation (17). In the same experiment, the fertility of male mice
exposed in the same way for 9 weeks was not affected. Based on their previous work, they concluded
that the order of reproductive toxicity was halothane > enflurane > methoxyflurane > nitrous oxide
(17). Of interest, a 1990 study found that brief exposure of 2-cell mouse preimplantation embryos to
nitrous oxide/oxygen (60%/40%) caused disruption to subsequent embryo cleavage and blastocyst
development (18).
A 1989 study determined the susceptible period for nitrous oxide teratogenicity in rats (19). Pregnant
rats were exposed to 60% nitrous oxide for 24 hours on each of gestational days 6–12. There were no
differences among the seven groups in the number of live fetuses, fetal weight, and sex ratio.
However, compared to controls, there was a significant increase in the mean percentage of
resorptions/litter and number of litters with resorptions on days 8 and 11. Major skeletal anomalies
(ribs and vertebrae) were increased only on day 9, but minor skeletal defects were increased on days
8 and 9. Right sided aortic arch and left sided umbilical artery, defects indicative of altered
laterality, were increased on day 8 and hydrocephalus was increased on gestational day 9 (19).
A 1986 mouse study tested the hypothesis that prenatal nitrous oxide exposure (75% with 25% oxygen
for 6 hours on gestational day 14) or postnatal exposure (same mixture for 4 hours on postnatal day 2)
would cause permanent damage to the developing brain and behavioral effects (20). Compared to

controls, offspring (postnatal day 6 to 6 months of age) exposed prenatally or postnatally were noted
to have several abnormal behavioral effects that included preweaning motor development and
general activity. When they reached adulthood, their brains were also noted to have significant
morphologic changes (20). A 1986 rat study also found that in utero exposure caused permanent
alterations in the spontaneous motor output of the brain that affected females more than males (21).
By using a slightly different exposure protocol during rat pregnancy, these same investigators did
observe subtle differences from controls in growth rates at 14 and 21 days and reduced reflex
suspension, indicating that normal development had been interrupted (22). In a
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fourth study, mouse offspring exposed in utero to nitrous oxide during organogenesis had
hyporeactivity of the startle reflex at 60 and 95 days of age (23).
The effects of nitrous oxide on growing neural tips (growth cones) in the forebrains of neonatal rat
pups were described in a 1993 report (24). The pups were exposed to three concentrations of nitrous
oxide (25%, 50%, and 75%) over a 6-hour period on postnatal day 1. A dose-response on the activity of
a growth cone enzyme (protein kinase C, PKC) was found, with the lowest concentration having no
effect on the enzyme. The 75% concentration, however, reduced the activity to about 63%. The 50%
dose also reduced the PKC activity but to a lesser degree. The authors thought that the reduced
enzyme activity could be related to long-term morphologic or behavioral neuroabnormalities in the
pups (24).
The effect of nitrous oxide on rat fertility was described in a 1990 study (25). Adult virgin female rats
were exposed to the gas during their 4-day ovulatory cycles. Nitrous oxide disrupted luteinizing
hormone releasing hormone (LHRH) (now known as gonadotropin-releasing hormone) cells in the
hypothalamus. This disruption resulted in the inhibition of LHRH release and, thus, ovulation (25).
Human
Placental Passage
Nitrous oxide rapidly crosses the human placenta to the fetus, thereby obtaining amounts in the fetal
circulation nearly equivalent to those in the mother (26,27,28,29,30,31). In a 1970 study, umbilical
vein and artery nitrous oxide concentrations ranged up to 91% of maternal levels and increased
progressively with increasing duration of anesthesia (27).
Spontaneous Abortion
A number of reports have described the association between spontaneous abortions (SABs) and
exposure to anesthetic gasses in the operating room, dental office, or during surgery
(32,33,34,35,36,37,38,39,40,41,42,43,44,45,46). In addition, several reviews have examined this
topic (47,48,49,50,51,52,53,54,55).
The principal concern for chronic exposure to anesthetic gasses relates to unscavenged environments
in which high concentrations of gases, such as nitrous oxide, have been measured. A 1972 reference
cited studies that measured levels of nitrous oxide in the operating room averaging 130 ppm (0.013%)
but with peak concentrations as high as 428 ppm (0.048%) (32). Even higher levels (e.g., 9700 ppm or
0.97%) were measured in the anesthesiologist's inhalational zone. A 1970 report described the results
of a survey from a group of nurses (67 operating room/92 general duty) and physicians (50
anesthetists/81 specialists other than anesthesia) that were routinely exposed to anesthetics in the
operating room (33). In the first group, 29.7% of the pregnancies of operating room nurses ended in
SAB, compared to 8.8% in the controls. In the second group, the SAB incidence was 37.8% and 10.3%,
respectively. In both exposed groups, the SAB occurred earlier than the controls (8th vs. 10th week).
However, the study could not identify a specific anesthetic agent, nor could it establish a causeeffect relationship (33).
The results of a national survey of operating room personnel was reported in 1974 (34). The survey

included the memberships of four organizations, essentially covering all personnel in the United
States who were continuously exposed to low levels of anesthetic gasses: American Society of
Anesthesiologists (ASA), American Association of Nurse Anesthetists (AANA), Association of Operating
Room Nurses (AORN), and Association of Operating Room Technicians (AORT). Two control groups
were surveyed: American Academy of Pediatrics (AAP) and American Nurses Association (ANA). At the
time of the survey, about 21% of the operating rooms were ventilated and anesthetic-scavenged. The
rates of SAB
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among the respondents (organization and total number of pregnancies shown in parentheses) were
17.1% (ASA; 468), 17.0% (AANA; 1826), and 19.5% (AORN/AORT; 2781). The results were statistically
significant when compared to women working outside of the operating room. However, no difference
was found with the controls for the time (in gestational weeks) of the abortions or for a decrease in
the sex ratio of exposed pregnancies (34).
A survey of women physicians in England and Wales to determine the outcome of pregnancies was
reported in 1977 (35). The analysis involved 9044 pregnancies that were classified into three groups:
working anesthetists (N = 670), other medical specialties (includes medical students but excludes
radiologists) (N = 6377), and physicians not currently working (N = 1997). The adjusted SAB rates were
13.8%, 13.8%, and 12.0%, respectively. For stillbirths, the rates were 17.3%, 8.3%, and 10.3% (n.s.),
respectively (35). Another survey in England of anesthetists exposed to anesthetics, male and female,
appeared in 1979 (36). The SAB rates (percentage of known conceptions) for exposed fathers,
mothers, both parents, and nonexposed controls were 15.7%, 34.4%*, 23.1%*, and 9.8%, respectively
(*significant compared to controls).
Because dentist and their assistants may be exposed to even higher concentrations of anesthetic gases
than personnel in hospital operating rooms, a survey of this population was undertaken and reported
in 1980 (37). The responding sample size involved more than 22,000 dentists (98.5% male) and more
than 21,000 chairside assistants (99.1% female). Only about 19% of the individuals were exposed to
halogenated anesthetic gases in addition to nitrous oxide. The two groups were further classified by
the amount of exposure in the year before conception (nonusers, light [1–2999 hours in past decade],
and heavy [more than 3,000 hours in past decade]). After adjustment for smoking, age, and
pregnancy history, a significant association was found between use of anesthetics and the rate of SAB
in chairside assistants (8.1% nonusers, 14.2% light, and 19.1% heavy). The association also was
significant for wives of dentists but the rates of SAB were about half of those for the assistants (37).
In a brief 1986 report, six SABs were observed in four female personnel over a 17-month interval (38).
These persons worked in an oral surgery department that used 35% nitrous oxide in oxygen as a
sedative during procedures. In the operating rooms, the range of nitrous oxide concentrations were
0.01–0.04% but were as high as 0.07% when the patient talked (38). A 1995 study found a significant
increase in SAB among female dental assistants who worked for 3 or more hours per week in offices
not using scavenging equipment (39). After adjustment for age, smoking, and number of amalgams
prepared, the relative risk (RR) was 2.6 (95% confidence interval [CI] 1.3–5.0).
In contrast to the above reports, two studies found no association between chronic exposure to
nitrous oxide and SAB, and a third found only a partial association (40,41,42). In comparison to
unexposed controls, the adjusted odds ratios (ORs) for SAB in dental assistants working in
unscavenged clinics or dental school services in Denmark were 0.9 (95% CI 0.4–2.1) and 0.3 (0.0–1.8),
respectively (40). In a Swedish study of 1711 midwives, the use of nitrous oxide (>50% of deliveries)
was not associated with an increased risk of SAB (OR 0.95, 95% CI 0.62–1.47) (41). The study could not
determine if scavenging equipment for waste gas was used. The investigators concluded that night
work and high workload increased the risk of SAB (41). In an earlier study, the rates of SAB were
compared for 563 married female anesthetists, working and not working, to 828 female physician
controls (42). The rates were 18.3%, 13.7%, and 14.7%, respectively.
A 1980 report described the outcomes of 187 women who had been exposed to inhalational

anesthetics (mostly nitrous oxide) during work or by their husbands, and who
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had surgery during pregnancy (43). The study was an extension of the study involving occupational
exposure to inhalational anesthetics and SAB in wives of dentists and dental assistants (N = 12,929)
(see reference #37). The rates of 1st trimester SAB in four groups classified as controls (N = 8654; no
exposure or surgery), exposure/no surgery (N = 4088), no exposure/surgery (N = 122), and
exposure/surgery (N = 65) were 5.1%, 8.6%, 8.0%, and 14.8%, respectively. The rates for 2nd trimester
SAB were 1.4%, 2.6%, 6.9%, and 0, respectively (43). A Canadian study compared pregnant women
who where undergoing incidental surgery with pregnant women not undergoing surgery (44). Surgery
(usually gynecologic) under general anesthesia in the 1st or 2nd trimesters was associated with an
increased risk of SAB (estimated risk ratio [ERR] 2.0, 95% CI 1.10–3.64). The risk was also increased
following procedures under general anesthesia that were remote from the conceptus (ERR 1.54, 95%
CI 1.03–2.30) (44). A 1986 study in 433 women (9 sets of twins) of general anesthesia with nitrous
oxide given in the 1st and 2nd trimesters was unable to find an association between the anesthetic
and SAB (45).
Finally, a 1985 study combined the data from six studies to determine the risk of SAB in operating
room personnel (46). The low RR was 1.3 (95% CI 1.2–1.4) for pregnant physicians and nurses.
Infertility – Female
An increased rate of infertility in anesthetists was noted in a 1972 study (42). In this survey of women
anesthetists in the United Kingdom, 65 (12%) of the 563 married anesthetists reported infertility of
unknown cause compared to 6% of controls. However, 36 (44%) eventually conceived, even though
92% of them continued to work (42). A 1979 survey reported that 30% of anesthetists (includes both
sexes) had difficulty in conceiving, but unexpected infertility occurred in only 3% (37).
A 1992 study examined the effect of environmental nitrous oxide on the fertility of dental assistants
(56). A group of 7000 female dental assistants was surveyed, and 459 were determined to be eligible
for the study because they had met all inclusion criteria, including conception, within the previous 4
years. Of those eligible, 418 (91%) completed the telephone interview. Data were collected over 13
menstrual cycles (about 1 year). The primary statistical analysis involved a comparison of the
adjusted fecundability ratio (an estimate of the conception rate for exposed women relative to that
for unexposed women in each menstrual cycle of unprotected intercourse) (56). No difference in the
ratio was observed in the 121 assistants who worked <5 hours/week (N = 85; ratio 1.05) or ≥5
hours/week (N = 36; ratio 1.15) in scavenged offices. In contrast, among the 60 assistants who worked
in unscavenged offices, the 41 working <5 hours/week had a significantly higher adjusted ratio (1.01)
than the 19 working ≥5 hours/week (0.41). Thus, the latter group was only 41% as likely as unexposed
women to conceive during each menstrual cycle. In addition, the study examined the occurrence of
SAB. Among the 325 pregnancies (93 excluded because they were pregnant at the time of data
collection), 10 were in the “high exposure” unscavenged group. Their SAB rate was 50% (5/10),
whereas 25 (8%) of the remaining 315 pregnancies aborted (56). An accompanying editorial and later
correspondence discussed the implications of the study (57,58,59,60,61).
A 1996 study involving Swedish midwives obtained results similar to those above (62). As in the above
study, data were collected over 13 menstrual cycles. In 84% of the responders (N = 3985) to a mailed
questionnaire, the adjusted fecundability ratios of three groups, compared to those working in the
day time, were two-shift rotations 0.78, three-shift rotations 0.77, night-shift only 0.82, respectively.
The effect of nitrous oxide was noted only for midwives exposed to more than 30 deliveries/month
where the gas was used (ratio 0.64) (62).
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The effects of general anesthesia on pregnancy rates in patients who were undergoing embryo
transfer after in vitro fertilization were described in a 1995 study (63). Analgesia for ovum retrieval
and embryo transfer was sedation (opiates, diazepam, promethazine)/local anesthesia (120 cycles; 88

patients), epidural block (139 cycles; 111 patients), and general anesthesia (nitrous oxide, halothane,
opiates, and barbiturates) (173 cycles; 112 patients). The groups did not differ in embryo yield or
number or quality of embryos transferred. However, the clinical pregnancy rates for the general
anesthesia group were significantly lower than that for the other two groups: 25.8%, 23.7%, and
14.5%, respectively. The delivery rate also was significantly lower for the general anesthesia group:
19.2%, 20.1%, and 8.7%, respectively. The authors concluded that the adverse effect of general
anesthesia occurred after embryo transfer and was probably related to nitrous oxide exposure (63).
However, a 1999 study with data from seven fertility programs involving gamete intrafallopian
transfer found no significant difference in the clinical pregnancy or delivery rates between women
who had received nitrous oxide (or other anesthetic agents) and those who did not (64).
Infertility – Male
A survey of 5507 male anesthetists in the United Kingdom found no association between paternal work
in operating rooms and SAB, infertility, or the frequency of congenital anomalies (65). However, if the
mother was also exposed, the risk of SAB may be increased by 158% to 271%. A 1987 review suggested
that male fertility could be affected by direct nitrous oxide inactivation of vitamin B12
(cyanocobalamin) (66). The inactivation of this vitamin could result in a reduction of methionine
synthetase that is essential for normal cell division (66). A later review discussed the effect of nitrous
oxide on cyanocobalamin-dependent methionine synthetase and other factors that eventually impair
DNA synthesis and could cause infertility (67).
Congenital Malformations
Several studies have examined the relationship between 1st trimester exposure to nitrous oxide and
congenital malformations (34,35,36,42,43,44,45,46,68,69,70,71,72,73,74). Two early studies did not
find such a relationship, but the number of exposed cases was small (68,69). A larger study also found
no relationship between surgical anesthesia and congenital malformations (44). In another previously
cited study, the overall rate of birth defects in live-births was no different in 583 anesthetists (5.2%)
and 828 controls (4.9%) (42). However, when analyzed separately, working anesthetists had a
significantly higher rate of offspring with defects (6.5%) than those who were not working (2.5%), but
not significantly higher than controls.
A 1974 survey of 621 female nurse-anesthetists, with a response rate of 84.5%, found an incidence of
birth defects (major and minor) in offspring of working mothers of 16.4%, compared to 5.7% when the
mother was not working (70). Nearly one half of the defects in the exposed group were cutaneous
anomalies. In the 1974 national survey cited above, the congenital abnormality rates (all skin
anomalies were excluded) in the groups (unexposed vs. exposed) were ASA (3.4% vs. 5.9%), AANA
(5.9% vs. 9.6%), and AORN/AORT (7.0% vs 7.7%) (34). The first two comparisons were statistically
significant. The survey also provided the congenital malformation rates (excluding skin anomalies) for
wives of the male survey respondents in the three groups: 5.4%, 8.2%, and 6.4%, respectively (34). A
1977 survey found a significant rate of heart/great vessel defects in working anesthetists (13.8%), in
comparison to a combined group of other physicians (3.6%), or an earlier population-based study
(6.6%) (35). However, no differences were found for other congenital anomalies (neural tube defects
[NTD], oral clefts, talipes, congenital hip dislocation, hydrocele, hypospadias, and epispadias, and
genitourinary). The rates of development or
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congenital abnormalities (percentage of live births) in a 1979 survey of anesthetists exposed to
anesthetics were 9.3% (N = 22) for exposed fathers, 4.8% (N = 1) for exposed mothers, and 15.0% (N =
3) when both parents were exposed (36). These rates did not differ significantly from nonexposed
controls.
No significant increase in the incidence of birth defects was found in a 1980 study of surgery during
early pregnancy (43). Anesthetics for surgery were used in 187 women during the 1st trimester and in
100 women during the 2nd trimester. The rates of defects in the offspring of mothers who had surgery

in the 1st and 2nd trimesters, but no occupational exposure to inhalational anesthetics, were 3.1%
and 5.8%, respectively. For surgery plus occupational exposure, the rates were 7.2% and 2.3%,
respectively. The differences were not significant (43). A 1986 study analyzed the outcomes of 375
cases (8 sets of twins) of cervical cerclage and 58 other surgeries (1 set of twins) conducted under
general anesthesia with nitrous oxide (45). Cases were further stratified by the gestational week
when surgery was conducted (>16 weeks or ≤16 weeks). None of the observed birth defects could be
attributed to anesthetic exposure (45). A 1985 study combined the results from six studies to derive
an RR for congenital abnormalities of 1.2 (95% CI 1.0–1.4) for pregnant physicians and nurses working
in operating rooms (46).
Using data from three Swedish health care registries for the years 1973 to 1981, a 1989 study
analyzed 5405 cases of nonobstetric surgical operations that occurred during pregnancy (71). The
types of anesthesia were general (about 54%; 99% using combinations with nitrous oxide), regional
(about 14%), and unknown (32%). The rates of congenital malformations, stillbirths, infant death
within 7 days of birth, and decreased birth weights were determined by the trimester in which the
operation was performed. For congenital malformations, the RR and 95% CI for the 1st, 2nd, and 3rd
trimesters and the total group were 1.0 (0.8–1.4), 0.9 (0.6–1.2), 1.5 (1.1–2.2) and 1.1 (0.9–1.3),
respectively. The rate for all defects was about 5%; about 1.9% for major anomalies. Both rates were
similar to those in the total Swedish population. The risk for stillbirths also was not significantly
different from the general population (RR 1.4, 95% CI 1.0–1.8), but the risk of infant death within 7
days of birth was increased (RR 2.1, 95% CI 1.6–2.7). Most of the infant deaths (70%) occurred in
infants of very-low-birth-weight. The rates of low-birth-weight (<2500 g) and very-low-birth-weight
(<1500 g) infants were increased in all trimesters and for the total the RR (95% CI) were 2.0 (1.8–2.2)
and 2.2 (1.8–2.8). The reduced weights were due to prematurity and intrauterine growth retardation.
For all mothers who were operated on, the prematurity rate was 7.47% vs. 5.13% in controls (p <
0.001) (71).
Using the same data as in the above study, study investigators found a possible association between
surgery in the 1st trimester and NTD, and these findings were published in 1990 (72). The
investigators studied 2252 infants whose mothers had surgery during the 1st trimester. Six of the
infants had NTD (expected 2.5), one of whom was thought to have Meckel's syndrome. An additional
infant had a diagnosis of hydranencephaly, but the autopsy report indicated the diagnosis was
uncertain and it may have been a very large encephalocele. In the total group, 572 had operations
during the period of neural tube closure (gestational weeks 4 and 5). Mothers of five of the six infants
with NTD (expected 0.6) had surgery during this period, but only three had been exposed to nitrous
oxide. The mother of the hydranencephaly case had surgery in gestational week 8 and was not
exposed to nitrous oxide. The authors could not determine whether the findings represented a causal
association with surgery or just a random occurrence (72).
In a 1994 population-based, case-control study, 12 (1.7%) of 694 mothers of infants with central
nervous system (CNS) defects had surgery under general anesthesia in the 1st trimester, compared to
34 (1.1%) of 2984 controls (73). Analysis of total CNS defects
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and 1st trimester exposure to general anesthesia revealed the following: NTD (345 cases; 3 exposed),
OR 0.7, 95% CI 0.2, 2.4; microcephaly (91 cases; 1 exposed), OR 1.7, 95% CI 0.2, 13.5; hydrocephalus
(198 cases; 7 exposed), OR 3.8, 95% CI 1.6, 9.1. When isolated CNS defects were analyzed, the OR and
95% CI for the three defects were 1.1 (0.3, 4.9), 3.8 (0.4, 33.0), and 0.0 (0.00, 4.1) (all
nonsignificant). However, when the analysis included multiple CNS defects, there were 70 cases (7
exposed) of hydrocephalus (OR 9.6, 95% CI 3.8, 24.6), 8 cases (3 exposed) of hydrocephalus and eye
defects (OR 39.6, 95% CI 7.5, 209.2), and 2 cases (2 exposed) of hydrocephalus and cataracts (OR
infinity, 95% CI 1329, infinity). Although the investigators identified several limitations of their study,
including the inability to identify the specific medications used for general anesthesia, the findings do
warrant additional study (73).

The Collaborative Perinatal Project monitored 50,282 mother-child pairs, 76 of whom were exposed
to nitrous oxide during the 1st trimester (74). Four malformed infants were observed, a hospital
standardized relative risk of 0.75. There was no evidence of an association between the gas and the
defects (74).
Neurotoxicity
The mechanism of action of nitrous oxide, at anesthetic concentrations, is thought to involve
blockade of N-methyl-D-aspartate (NMDA) glutamate receptors (75,76,77,78,79). This action also
produces neurotoxic effects, which can be prevented by drugs (e.g., benzodiazepines, barbiturates,
halothane, isoflurane, propofol, scopolamine, and atropine) that enhance GABAergic (γ-amino-nbutyric acid) inhibition (75,77). However, the addition of ketamine, another NMDA antagonist, to
nitrous oxide without concomitant use of a GABA agonist has been shown in animals to potentiate the
neurotoxicity of nitrous oxide (80). Recent evidence has shown that the neurotoxicity of ethanol, a
NMDA antagonist and a potentiator of GABA transmission, is different in immature brains than in adult
brains (81). Therefore, the potential exists that the common use of nitrous oxide and GABAergic
agents together during general anesthesia in obstetrics and pediatrics could cause neuroteratogenicity
during human brain growth spurts (synaptogenesis; 3rd trimester to several years after birth)
(81,82,83). Animal studies in 7-day-old rats have demonstrated this teratogenicity, as evidenced by
widespread apoptotic neurodegeneration, deficits in hippocampal synaptic function, and persistent
impairment of memory and learning (84).
A 2004 study examined the association between exposure of mothers to waste anesthetic gases during
pregnancy and development of their offspring (85). Although the specific gases were not identified,
the timing of the exposures (1983–1996) and practice patterns suggested that nitrous oxide,
halothane, and isoflurane were the most likely agents. Forty children (age 5–13 years) born to female
anesthesiologists and operating room nurses who were exposed to waste anesthetic gases were
compared to 40 female physicians and nurses (matched for children's age, gender, and maternal
occupation) who worked in hospitals during their pregnancies but who did not work in operating
rooms (unexposed controls). All children underwent standardized developmental tests to evaluate
their medical and neurodevelopmental state and the mothers were interviewed. The developmental
milestones in the two groups were similar, but the exposed children had a significantly lower gross
motor ability and more evidence of inattention/hyperactivity. Moreover, the level of exposure was
significantly and negatively correlated with fine motor ability and IQ performance. The investigators
concluded that the results supported the hypothesis that occupational exposure to waste anesthetic
gases during pregnancy might be a risk factor for minor neurological deficits in the offspring (85).
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Miscellaneous Effects
Subanesthetic doses of nitrous oxide have been used for analgesia in laboring patients
(86,87,88,89,90,91,92,93). The effects on the fetus do not appear to be any different from those of
other general anesthetics (92). When used as an analgesic, nitrous oxide has no direct effect on
uterine activity (87,94). In contrast, prolonged general anesthesia with nitrous oxide may cause
neonatal acidosis and an increased incidence of low Apgar scores (95). A 1988 study concluded that
the use of high intermittent doses of nitrous oxide used for obstetric analgesia was associated with a
risk of developing amphetamine addiction in later life (96). The mechanism was thought to be an
effect of imprinting. However, this study has been criticized for several design flaws and conclusions
(88).
A 2-minute inhalation dose of 30% nitrous oxide with oxygen for analgesia at term resulted in a
decrease in both maternal and fetal central vascular resistance (97). Although this dose is usually safe
for the mother or fetus, the cerebral hyperemia induced by nitrous oxide might increase the risk of
intracranial hemorrhage in preterm infants (97).

Decreased birth weight, but not preterm birth, was associated with occupational exposure to nitrous
oxide in a 1999 study based on a survey of the Swedish Midwifes Association (98). Chronic nitrous
oxide exposure during the 2nd trimester was associated with 77 g decrease in birth weight (95% CI
129, 24) and an increase in the odds of infants being small-for-gestational-age (OR 1,8, 95% CI 1.1,
2.8) (99). In a 1977 survey, the offspring of working anesthetists had significantly lower birth weights
and a higher proportion of infants weighing 2500 g or less than did two other physician groups (35).
Lower birth weights also were observed in offspring of female anesthetists in a 1979 survey (36).
Female infants were particularly under weight. Moreover, there was a lower male:female sex ratio in
the offspring of female anesthetists (36). The author, however, has had to defend his research (99).
A 1991 population-based case-control study conducted in Sweden found an association between
childhood leukemia and nitrous oxide anesthesia during delivery (100). Mothers of the 411 cases were
more likely than controls to have received the anesthetic (OR 1.3, 95% CI 1.0, 1.6).
Summary
A large amount of data has been published concerning the reproductive toxicity of nitrous oxide.
Abortions and growth retardation have been consistently observed in animal studies, but the
exposures to the gas were usually much higher and of greater duration than the exposures that occur
in humans. Structural anomalies, usually involving the skeleton, were inconsistently found.
Neuroteratogenicity also has been noted in animal studies and, in some cases, permanent changes in
the brains of animals exposed in utero have been found. Thus, in animals, nitrous oxide is an embryo
and fetal toxin that may have long-lasting consequences.
The evidence for human reproductive toxicity is not as clear. Much of the data relating to SAB,
infertility, and decreased birth weight is based on voluntary responses to surveys that involved selfreported outcomes. These retrospective reports are subject to self-selection and/or recall bias.
Moreover, many studies have evaluated exposure to nitrous oxide in operating rooms or dental
offices, rather than to individuals, and have not quantified the amount and type of anesthetic gas
exposure (46,101). In addition, the studies have not always accounted for confounding variables, such
as the introduction of scavenging equipment and ventilation, maternal age, smoking, and other drug
exposures, and have characterized nitrous oxide exposure based only on job title (102). Nevertheless,
there does appear to be an increase in the incidence of SAB and infertility related to chronic exposure
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to nitrous oxide, but the dose and magnitude of these effects need further study. Moreover, general
anesthesia in the 1st and 2nd trimesters has been associated with reduced birth weight, but the
causative agents have not been identified.
The information for nitrous oxide and congenital malformations is less confusing, but many of the
limitations identified above also apply to this patient population. However, the available data do not
appear to suggest that acute or chronic exposure to nitrous oxide at any time in pregnancy represents
a major risk for congenital anomalies. Although nitrous oxide is the most commonly used general
anesthetic agent, it is never administered alone, being combined with a number of other agents.
Therefore, the safest course is to postpone elective surgical procedures until after pregnancy or, at
the minimum, until after the period of organogenesis. Moreover, because even operating rooms that
are scavenged and ventilated are not entirely free of waste anesthetic gases, women who might
become pregnant and are working in these areas should be counseled as to the potential risks and
offered positions in areas free of nitrous oxide contamination. Recent data have shown that offspring
of mothers with occupational exposure could have long-term neurodevelopmental deficits. Finally,
long-term neurotoxicity studies of infants exposed in utero to nitrous oxide during the 3rd trimester
or during the first few years after birth are warranted.

BREAST FEEDING SUMMARY

RECOMMENDATION: Compatible
No reports describing the use of nitrous oxide during lactation have been located. The solubility in
blood and tissue is low. Moreover, the plasma half-life is very short (<3 minutes) and, thus, it is
unlikely that a nursing infant would be exposed to the agent in milk or that it would be orally
bioavailable to the infant (103).
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